DECLARATION PURSUANT TO 37. C.F.R. 1,132 



I, Sumihito SAGO hereby declare and that 

1. I have been a member of Noritake Co., Limited. (Noritake), an owner of this 
application. I have a master degree in a field of applied chemistry, and have been 
serving in Noritake as chief in a research and development center. I engaged in 
Noritake Dental Supply Co., Limited in development of dental porcelain from 2003 
to 2005 as a director in charge of development. In light of my experiences and 
current position in Noritake, I am very knowledgeable about ceramic and applied 
articles thereof, especially about development of materials such as glass material and 
crystal material, specifically material for a dental prosthesis. 

2. I am one of the represented inventors, and am familiar to content of this 
application. 

3. I will explain the present invention, especially the invention recited in the 
newest amended claim 1, and about differences between the present invention and 
the prior arts, for easy understanding thereof. 

- Background Art 

The dental prosthesis needs to be manufactured considering various 
requirements such as strength, beauty and the like. 

For satisfying the requirement of beauty, providing a color tone and a light 
permeability (transparency) closer to those of a natural tooth on a surface of the 
dental prosthesis has been tried. Provision of the color tone and the light 
permeability is achieved by for example forming two ornament layers (armored 
portion) on a substrate (frame) made from ceramic or metal. These ornament layers, 
which are so-called "ceramic layers", are constituted of material containing 
porcelain containing glass. These two ornament layers are respectively fixed on a 
surface of a substrate by subjecting them to a heat treatment sequentially (refer to 
paragraph [0009] of this application). 

- Subject of the Invention 

When the two ornament layers are respectively subjected to the heat 
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treatment, the following problem was encountered. In detail, there was a case 
where, a lower layer having been previously formed on the surface of the substrate is 
softened during the heat treatment for forming an upper layer of the armored portion, 
and the lower layer is flowed as a result of flow of the porcelain forming the upper 
layer. If such a flow of the lower layer arises, thickness of the lower layer may be 
partially changed, and the frame may be exposed. Positions and thicknesses of the 
lower layer and the upper layer are designed to realize the color tone and the light 
permeability of the dental prosthesis manufactured. Accordingly, the partial 
thickness change of the lower layer may cause inconveniences that the desired color 
tone and transparency are not realized at a part of the dental prosthesis. 

Such problem remarkably arises when the upper layer is formed by a casting 
method, because a porcelain for the upper layer heated to high temperature, which is 
pressedly poured into the casting mold, may move the lower layer on flowing on the 
lower layer. 

An object of the invention according to this application is to provide a 
method of manufacturing a dental prosthesis in which on forming a plurality of 
coating layers on the substrate, even when an another layer is additionally formed on 
a surface of the lower layer by the casting method, the lower layer is not moved. 

- Feature of the Invention 

The inventors of this application, as will be detailed later, found that the 
relations between temperature and viscosity of porcelains are not uniform 
independent of the porcelain but changes, and degree of viscosity variation relative 
to temperature variation differs depending on kinds of the porcelains. The present 
invention, which was made based on such knowledge, can solve the 
above-mentioned problem, by selecting porcelains for the upper layer and the lower 
layer such that viscosity of the porcelain used for the upper layer lower than that 
used for the lower layer, at the casing temperature of the upper layer 

That is, the present invention (invention recited in the amended claim 1) is 
as follow: 

A method of manufacturing a dental prosthesis, comprising: 

a step of preparing a substrate of the dental prosthesis that is constituted by a 

dental molding material; 

a step of forming a back coating layer on at least a part of a surface of the 

substrate, by using a first porcelain that is constituted principally by ceramic; 
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a step of forming a casting mold such that the substrate and the back coating 
layer are disposed in the casting mold and such that a void is provided on a surface 
of the back coating layer and a porcelain introducing passage communicating the 
void with an outside is provided; and 

a step of forming a cast coating layer on at least a part of a surface of the 
back coating layer, by pouring a second porcelain which is held by ceramic holding 
portion provided with the casing mold, and is softened by heating with the casting 
mold, into the void of the casting mold via the porcelain introducing passage under 
pressure using the casing mold heated to a casting temperature to form at least two 
coating layers including the back coating layer and the cast coating layer on the 
surface of the substrate, 

wherein the second porcelain is constituted principally by ceramic whose 
composition is different from that of the ceramic of the first porcelain such that 
viscosity of the second porcelain at the casting temperature is lower than that of the 
first porcelain. 

- Relation between temperature and viscosity of porcelain 

Hereafter, relation between magnitude of the temperature and magnitude of 
the viscosity of the porcelain material (glass) will be explained with reference to 
attached materials I to III showing results of additional experiments executed by 
inventors of the present inventions. 

Attached material I shows relations between a temperature and a viscosity of 
a fist test piece made of a Glass 1 (SBS) having a composition shown in a Table of 
an attached material III, and a second test piece made of an Ingot having a 
composition shown in the Table of the attached material III. 

Specifically, the first test piece and the second test piece are manufactured 
through the following steps. First, glass powders as the materials are mixed, and the 
mixture is melted at the predetermined temperature for vitrification. Then, the 
vitrified material is cooled for solidification, and solidified material is processed 
into a size suitable for measurement. The viscosities of the first and second test 
pieces thus manufactured are measured during the heating up to 1200*C If the first 
and second test pieces are cooled down to the room temperature after measurement 
completion of the viscosities, they are solidified again due to the nature of glass 
mentioned above. 

In the graph of the attached material I, a horizontal axis shows the 
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temperature of Glass 1 (SBS) and Ingot, and a vertical axis shows the viscosity of 
Glass 1 (SBS) and the Ingot. In range from SSO^C to 1200*C of the temperature, the 
viscosity of Glass 1 (SBS) is larger than that of the Ingot. Both viscosities of Glass 1 
(SBS) and the Ingot decrease as increase of the temperature, and decreasing degree 
of the Ingot is slightly larger than that of the Glass 1 (SBS). When Glass 1 (SBS) and 
Ingot having such relation between highness-lowness of the temperature and 
smallness-largeness of the viscosity are used as the first porcelain and the second 
porcelain respectively, the opinion viscosity of the second porcelain is uniformly 
smaller than that of the first porcelain independent of the temperature can be 
concluded to be true. 

Attached material II shows relations between a temperature and a viscosity of 
the fist test piece made of the Glass 1 (SBS) having a composition shown in the 
Table of attached material III, and a third test piece made of a Glass 2 having a 
composition shown in the Table of the attached material III. 

The third test piece is manufactured in the same steps as the first and second 
test pieces. The viscosities of the first and third test pieces thus manufactured are 
measured during the heating up to 1200*C. If the first and third test pieces are cooled 
down to the room temperature after measurement completion of the viscosities, they 
are solidified again due to the nature of glass mentioned above. 

In range from SSCC to lOOO^C of the temperature, the viscosity of the Glass 
2 is larger than that of the Glass 1 (SBS), but in range from lOOOT: to 1200t: of 
the temperature, the viscosity of the Glass 1 (SBS) is larger than that of the Glass 2. 
Thus, a relation regarding magnitude of the viscosity is reversed between the 
temperature range from SSO^C to lOOO^C and the temperature range from lOOO'C 
to 1200*C When Glass 1 (SBS) and Glass 2 having such relations between 
highness-lowness of the temperature and smallness-largeness of the viscosity are 
used as the first porcelain and the second porcelain respectively, viscosity of Glass 1 
is larger than that of Glass 2 for some extent temperature (less than lOOOt:^ in this 
example) but is not larger than that of Glass 2 in other temperature range (more than 
lOOO'C in this example). By selecting the first porcelain and the second porcelain 
such that viscosity of the second porcelain is smaller than that of the first porcelain 
at the casting temperature, flowing of the back coating layer (lower layer) on 
forming the cast coating layer can be prevented. That is, the present invention can 
render the unexpected advantageous effect which prevents flowing of the first 
porcelain in such case. 
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- Casting method 

Next, a so-called casting method for casting the porcelain into a casting 
mold, which is one element of the present invention, will be explained with 
reference to an attached material IV. This material IV is a Technical Instruction of 
"CZR PRESS" put into a market by the applicant of this application. The "CZR 
PRESS" is used as the porcelain for forming the upper layer of the two ornament 
layers, i.e., the casting layer, in the manufacturing method of the dental prosthesis of 
the present invention. Material IV describes a forming method of the dental 
prosthesis having the two decorated layers, of which upper layer is formed by the 
above casting method. 

Specifically, description in material IV regarding "7. First Application and 
Baking of Shade Base Strain" (from page 6 to page 7) corresponds to "a step of 
forming a back coating layer on at least a part of a surface of the substrate, by using 
a first porcelain that is constituted principally by ceramic" of the present invention, 
and description in paragraph [0084] of the Specification. That is, the first porcelain 
is applied on a surface 12 of a frame 10 by a brush etc., and the applied first 
porcelain is baked to become the back coating layer 14. Meanwhile, a Table "The 
difference between CZR Shade Base Porcelain and CZR PRESS Shade Base Strain" 
on page 6 of the material IV describes a sample in which a layer containing CZR 
PRESS Shade Base Stain corresponding to the back coating layer as the porcelain is 
baked at temperature 1090*C. 

Description regarding "11. Investing" (page 10), "12. Preparing before 
Burn-out" (page 10) and "13. Burn-out of Investment Ring" (page 11) correspond to 
"a step of forming a casting mold such that the substrate and the back coating layer 
are disposed in the casting mold and such that a void is provided on a surface of the 
back coating layer and a porcelain introducing passage communicating the void with 
an outside is provided" of the present invention and description in paragraph [0086] 
of the Specification. That is, on a surface 16 of the back coating layer 14 formed, a 
model layer 20 having a desired crown shape is formed with a dental wax etc. This 
model layer 20 is provided on a pedestal 26 together with a pin 22, and a casting ring 
28 is provided to surround the pedestal 26. An investment material 30 is caused to 
flow into a void formed inside of the casting ring 28. Such process is shown in an 
upper pictures "After attaching the sprue" on page 9 and picture "Investing" on page 
10 of material IV. Subsequently, after the investment material is hardened, the 
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model layer 20 is heated by the electric furnace etc. to e.g. 850*C, where the dental 
wax can be baked and removed. A void portion 18 is formed in the casting mold 32 
at the position where the baked and removed model layer 20 had been previously 
provided. Such process is shown in a picture "Burn-out" on page 11 of material IV. 

Description regarding "15. Inserting Ceramic Ingot and Plunger" (page 11) 
and "16. Pressing in the Press Furnace" (page 12), which corresponds to "a step of 
forming a cast coating layer on at least a part of a surface of the back coating layer, 
by pouring a second porcelain which is held by ceramic holding portion provided 
with the casing mold, and is softened by heating with the casting mold, into the void 
of the casting mold via the porcelain introducing passage under pressure using the 
casing mold heated to a casting temperature to form at least two coating layers 
including the back coating layer and the cast coating layer on the surface of the 
substrate" of the present invention and description in paragraphs [0087] and [0088] 
of the Specification, relates to the so-called casting method. That is, the void 18 of 
the casting mold 32 is filled with the second porcelain poured thereinto through an 
introducing passage formed by baking and removing the pin 22. The second 
porcelain is baked for example at 1050*0 for a predetermined time period and then 
cooled to become the cast coating layer 36. For detail of the baking temperature on 
forming the cast coating layer, a Table "Press Parameters for the EP500 (Ivoclar)" on 
page 24 which is referred in "16. Pressing in the Press Furnace" (page 12) can be 
referred. This Table describes an example in which the second porcelain is baked at 
1045*C with the casting mold 32 using the EP500 manufactured by Ivoclar Co. Ltd. 
which is the same hot press furnace as the present embodiment. This temperature is 
close to 1050*C which is the baking temperature of the cast coating layer described 
in the embodiment of the Specification of this application. 

In this way, the glass ingot which corresponds to the second porcelain is, 
together with a plunger (not shown) used for pressurizing the second porcelain, held 
by a ceramic holding portion (a portion where the pedestal had been previously 
provided) of the casing mold 32, in advance. Then, the glass ingot and the casting 
mold 32 are placed in the hot press furnace and heated. The ingot (second porcelain) 
softened by heating is pressurized by the plunger (not shown) toward the casing 
mold 32. The melted (softened) second porcelain is poured into the casting mold 32 
through the porcelain introducing passage 24 (a portion where the pin 22 had been 
previously provided) and is supplied to the void 18. A process where the glass ingot 
which corresponds to the second porcelain is held by the ceramic holding portion of 
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the casting mold 32 is shown in a picture "Injection of the Ingot" at a lower part on 
page 11 of material IV. A process for mounting the plunger is shown in a picture 
"Insertion of Notitake Alumina Oxide Plunger" at a lower part on page 11 of 
material IV. 

By the way, in the casting method, the first porcelain, which had been 
already formed as the back coating layer by baking, exists inside of the casting mold 
32. The casing mold 32 is, on pouring in the second porcelain, heated by the hot 
press furnace to the baking temperature of the second porcelain e.g. 1045 *C. 
Therefore, when the second porcelain is poured into the casing mold 32, the back 
coating layer 14, i.e., the first porcelain is in a condition where it is also heated to 
1045*C or closer thereto. The first porcelain, which mainly contains the glass, has 
the nature to be softened by the second or another heating, even after it is once baked 
and fixed to the substrate 10 as the back coating layer 14. For this reason, when the 
casting mold 32 is heated for pouring the second porcelain, if the first porcelain is 
softened to the extent to become flowable, there is a possibility that the first 
porcelain may be flowed or moved by the second porcelain which is poured into the 
casting mold 32 under pressure. 

In view of this, the present invention intends to solve the above problem to 
make composition of the second porcelain different from that of the first porcelain 
such that viscosity of the second porcelain is smaller than that of the first porcelain 
at the casting temperature of the second porcelain. Here, it is shown and explained 
based on materials I to III that it is possible that viscosity of the second porcelain is 
smaller than that of the first porcelain at the casting temperature of the second 
porcelain because relations between temperature and viscosity are different 
depending on compositions of the porcelains, and the composition of the second 
porcelain is chosen to be different from that of the first porcelain. 

- Advantageous effect of the present invention 

According to the present invention thus featured, the manufacturing method 
of the dental prosthesis can be provided, in which on forming the plurality of coating 
layers on the substrate, when the second or another layer is additionally provided on 
the surface of the lower layer by the casting, the lower layer is not moved. 

- Technical significance of the Cited references 

Hereinafter, the relation between the present invention and the references 
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cited in the last Office Action will be explained. 

Janjic (USP No. 3,934,348) does not describe (i) how the cast coating layer 
(Regular Porcelain Layer) is applied to the die, and (ii) the second porcelain is poured 
into the void provided in the casting mold under pressure via the porcelain 
introducing passage communicating the void with an outside. Thus, what is disclosed 
in Janjic is a static casting in which the second porcelain is poured into the casing 
mold under no pressure. Accordingly, the baking temperature of the regular 
porcelain is selected to be lower than that of the opaque porcelain considering the 
baking of the regular porcelain positioned on the opaque porcelain. If such relation 
of baking temperature is not considered, on baking of the regular porcelain, the 
opaque porcelain may be melted and mixed with the regular porcelain. Thus, Janjic 
differs from the present invention in the object. That is, the subject of the present 
invention is not encountered in Janjic. 

Sozio (USP No. 4,585,417) discloses an opening 28 formed on a mold block 
20, and an opening 44 formed on a block 40 in Fig. 4. However, there can be found 
no description that a cavity 26 or 50 is filled with shrink-free ceramic material under 
pressure. Accordingly, it appears that Sozio executes the static casting, and 
accordingly differs from the present invention in the concept of invention, likewise 
Janjic. 

In Fukuda (Japanese Patent Publication 06-269466), a centrifugal coating by 
which the glass composition material is poured into the mold with centrifugal force 
is employed, as a method for obtaining a cast coating layer (Regular Porcelain 
Layer). In this centrifugal casting, the glass material heated (up to temperature of 
1450''C (2642''F) in Fukuda) to have the extremely small viscosity is poured into the 
mold using the centrifugal force. This differs from the method recited in the 
amended claim 1 which relates to pouring of the second porcelain into the void 
provided in the casting mold under pressure. In other words, Fukuda discloses the 
method of castable ceramic. Accordingly, even if Fukuda is combined with above 
Janjic and Sozio, such combination shows no teaching, suggestion or motivation to 
reach the present invention. 

In Sekino (USP No. 6,740,267), since a casting creates a ceramic core E (refer 
to Fig.l), only one porcelain is poured into the mold. Originally, Sekino does not 
disclose or suggest any idea to pour the second porcelains, when the first porcelain 
already fixed exists in the mold. Naturally, it does not disclose or suggest the 
technical concept to make the viscosities different between the first porcelain and the 
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second porcelain, that is, to use the first porcelain of which viscosity ranges from 10" 
to 10^ poise at the casing temperature, and the second porcelain of which viscosity 
ranges from 10" to 10^ poise at the casing temperature. Accordingly, there is shown no 
teaching, suggestion or motivation in Sekino to reach the present invention. 

Brodkin discloses some kinds of porcelain compositions (refer to Table 3 
and the like). As the examiner stated in the Office Action, the first porcelain that is 
the opaque porcelain recited in claims 5 or 9 of this application, and a part of the 
Opaque Porcelain shown in Table 3 of Brodkin are common in the composition. 
However, the second porcelain recited in claim 5 or 9 of this application having 
MgO as an essential component, differs from the part of the Opaque Porcelain shown 
in Table 3 of Brodkin. Further, the second porcelain recited in claim 5 or 9 of this 
application corresponds not to the Opaque Porcelain but to the cast porcelain. Then, 
it should be compared with a Body and Incisal Porcelain shown in Table 3 of 
Brodkin, and the cast porcelain and Body and Incisal Porcelain are different from 
each other in those compositions. Thus, Brodkin, which does not disclose the 
claimed porcelains, does not provide any teaching, suggestion or motivation to reach 
the present invention. 



4. I further declare that all statements made herein of my own knowledge are true 
and that all statements made on information and brief are believed to be true; and 
further that these statements are made with the knowledge that willful false 
statements and the like so made are punishable by fine or imprisonment, or both, 
under Section 1001 of Title 18 of the United State Code and that such willful false 
statements may jeopardize the validity of this application or any patent issuing 
thereon. 

Date: ^? / 03 / :io/0 

Signature: e>^'(fu/nA^^Ju!^t(r ..^^^di^^/ }') 
Sumihito SAGO / 
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